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Abstract 

An analysis was carried out of the observed data with Nagoya (surface) , 
Misato (34mwe) and Sakashita (80mwe) multi-directional muon telescopes, 
for the solar activity maximum period of 1978-1983. These data re- 
spond to primaries extending over the median rigidity range 60GV to 
600GV. 

The observed amplitude at Sakashita station in 1981-1983 increased, 
especilly in 1982; the amplitude is twice as large as that in 1978- 
1980, when those at Nagoya and Misato stations are nearly the same 
as those in 1978-1980. 

Uni-directional anisotropy is derived by the best fit method by 
assuming the flat rigidity spectrum with the upper cutoff rigidity 
Pu. The value of Pu obtained is 270GV in 1981-1983 and 150GV in 
1978-1980. 

1. Introduction 

Earlier analyses (e.g., Rao et al.; 1963, Jacklyn et al. ; 1970) have 
shown that the steady-state solar diurnal anisotropy of cosmic rays is 
rigidity independent up to the upper cutoff rigidity Pu which varies 
from 50GV to 100GV according to the characters of solar-controlled 
electromagnetic conditions in the heliomagnetosphere. So far, the ob- 
tained values of Pu were dependent on the rigidity range of the data 
used. To investigate the year-to-year changes of Pu, an analysis over 
a wide range of rigidities is most necessary during various levels of 
solar activity. 

Since 1978, Sakashita underground multi-directional muon telescope has 
been in routine operation at the depth of 80mwe and 6-year data have 
been accumulated. The following observed fact is obtained that the 
amplitude increases for the period of 1981-1983, especially in 1982. 

This shows a very remarkable contrast to rather invariant variations 
at Nagoya and Misato for these years. On the other hand, the observed 
phases are gradually recover to the 18 hr direction from 1978 due to 
systematic changes by 22-year modulation. 

In the present report, we try to derive the solar diurnal anisotropy 
responsible for the observed variations showing the above mentioned 
characteristics . 

2. Data and Analysis 

In the present analysis, the observed data from Nagoya, Misato and 
Sakashita stations are exclusively used, then these data are hereafter 
abbreviated as NAMS by picking up the top letter of these NAgoya, Misato 
and Sakashita stations. The observed variations are corrected for the 
Compton-Getting effect due to Earth’s orbital motion (.046%,6hr in space), 
and the corrected variations are used as the basic data in the present 
analysis . 

In Table 1, 3 year averages of the observed solar diurnal variations 
of NAMS are shown, together with some characteristics of the component 
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Table 1 NAMS solar diurnal variations corrected for Comp ton-Get ting 
effect due to earth* s orbital motion and the characteristics 
of NAMS telescopes. Errors in the amplitudes are determined 
by the dispersion of yearly vectors. 


Zenith & Geographic 

Azimuth Direction 


STATION (TELESCOPE 


Median 

Rigidity 


35°N 137° 

0° 65°N 

90° 30°N 172° 

180° 5°N 137° 

270° 30°N 102° 

0° - 36 °N 138° 

33® 39° 57“N 177° 


Counting 

Rate 


3 Years Averages of Amplitude^) & 
Phase(hr) of Solar 1st Harmonics 


'78-' 

80 

• '81- 

83 

.2181.035 

12.0 

.2071.014 

13.3 

.2041.063 

10.8 

.1891.031 

12.0 

.2251.072 

10.6 

.2211.034 

11.9 

.2141.024 

12.7 

.2121.028 

14.1 

.1821.016 

13.3 

.1701.030 

14.8 

.1361.015 

13.4 

.1451.024 

14.9 

.1311.042 

11.4 

.1521.018 

12.8 

.1511.032 

12.3 

.1751.018 

13.9 

.1241.025 

15.3 

.1571.048 

16.9 

.0901.010 

14.5 

.0911.012 

15.9 

.0661.015 

14.2 

.0911.013 

15.8 


. 0301.026 12. 


. 037± , 015 15.6 


.0641.027 12.3 .0861.014 13.5 
.0611.014 14.8 .0971.015 15.7 
.0461.013 16.4 .0681.008 19,2 


.0171.028 12.4 


.0021.031 6.9 


.0281.011 14.0 .0651.029 16.1 


1978-1980 


1981-1983 


SAKASHITA N( 


ITA | N| 

s v4 
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Fig. 1(a) 


Fig. 1(b) 


Fig. 1 Solar diurnal variation of NAMS in the period of 1978-1980 
(Fig. 1 a) and of 1981-1983(Fig. 1 b). 

Solid circles represent the vectors observed, and open 
circles are those reproduced from the best fit anisotropies 
The three kind of cross are respectively the common vectors 
of each station calculated by the least squares method. 
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telescopes used and are plotted in Fig. 1(a) for 1978-1980 and in 1(b) for 
1981-1983 with dotted circles(#). 

The solar diurnal anisotropy responsible for the observed variations was 
determined. Space harmonic vector (X,Y) responsible for the diurnal vari- 
ation is related to the observed harmonic vector (aj_ j , b ±j) of the j-th 
component telescope at the i-th station by the following equation with 
coupling coefficients c-[j and Sj_j . 

a ij ~ ( c ijX + s Y) + a c -f , bij = (— Sj[jX + c^jY) 4- b^£ (1) 

where (a c ^, b c ^) represents the unknown vector common to all the components 
for i-th station. By the least squares method with equal weight for 
each component, the unknown quantities (X,Y) and (a c -[, b c i) were determined 
for the flat rigidity spectrum with the upper cut-off rigidity Pu, which 


Table 2 Best-fit quantities of anisotropy 



1978-1980 

1981-1983 

Amplitude in space 
Direction of anisotropy 
Upper cut-off rigidity 

0.377 ± 0.016 % 
15.8 ± 0.2 hr 
150 ± 10 GV 

0.320 i 0.010 % 
17.0 ± 0.1 hr 
270 ± GV 


is taken every 10GV from 50GV to 
200GV and so on. The coupling 
coefficients were referred to 
the table presented by Fujimoto 
et al. (1984). 

The best-fit parameters are ob- 
tained for two periods; 1978- 
1980 and 1981-1983 and these are 
shown in Table 2. Also in Figs. 
1(a) and 1(b), the reproduced 
vectors for each component in 
the best fit case computed by 
eq.(l) are shown with open cir- 
cles^), where the cross marks 
(**:** -|— ) represent the com- 

mon vector (a c i, b ci ) for each 
station. As is shown in Figs. 
1(a) and 1(b), a good agreement 
between the observed and the 
reproduced vectors is clearly 
seen, suggesting uni-directional 
anisotropy having the character- 
istics given in Table 2, is well 
consistent with the present ob- 
servations . 

Year-to-year basis calculation 
was also performed by the same 
method. Best-fit quantities 


-0.5 #a » Amplitude 

* 

* 

■ 0.2 


J 1 1 L 




Year 

Fig. 2 Year-to-year variations cf the obtained 

amplitude, the phase and the upper cutoff 
rigidity of the solar diurnal anisotropy. 
Errors in Py are replaced from the errors 
of the amplitudes of the anisotropy ob- 
tained by the least squares method. 
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of the anisotropy are shown in Fig. 2 as a function of time from 1978 to 
1983. As seen in the figure, the amplitude of the anisotropy remains 
invariant with time for these 6 years. The direction of the anisotropy 
gradually recovers to 18 hr level. The upper cutoff rigidity varies 
with time from 100GV to 300GV, particularly Pu in 1982 is extremely 
1983) r than th ° Se S ° far re P° rted (Davies et al. , 1977, Fenton et al., 

3. Discussions 

The increase of solar diurnal variation around 1982 has been observed 
at London (Thambyahpillai; 1983), Socorro (Swinson; 1983) and Takeyama 
(Wada et al. ; 1985), by the underground muon telescopes at the depth 
deeper than 60mwe, where the amplitudes are nearly twice as large as in 
1978-1980 similar to that at Sakashita station. The origin of the 
increase of Pu from 150GV to 300GV is yet unknown, but it may be con- 
sidered to be due to some effect of strong solar activity or the influence 
of the field reversal resulted in the transition of the heliomagnetosphere 
from positive state to the negative. 

Solar activity of the cycle 21 reaches its first maximum at the end of 
1979 and increases again with the second maximum at about Sep. 1981. 

The cosmic ray intensity minima observed by neutron monitors which cor- 
respond to the solar activity maxima are in the middle of 1980 and much 
lower in July of 1982. In 22-years ago after the period of the maximum 
solar activity since the start of the cosmic ray observation and at the 
same phase of the field reversal as in 1981-1983, the cosmic ray neutron 
intensity had the double minima in Apr. 1958 and in July 1959. At that 
time, the solar diurnal variations did not increase at London (60mwe , 
Thambyahpillai et al.; 1965). These facts are very important for the 
interpretation of the increase of Pu and also for the study of the 
heliomagnetosphere. 

4 . Summary 

1. The solar diurnal variations observed at Sakashita station remarkably 
increased in 1981-1983, especially 1982. 

2. Uni-directional anisotropy is well consistent with the observed 
variations, the direction of which gradually recovers to 18 hr level 
from 1978 to 1983. 
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